
Gamma-tocotrienol inhibits lipopolysaccharide-induced
interlukin-6 and granulocyte-colony stimulating factor by
suppressing C/EBP-β and NF-κB in macrophages

Yun Wang and Qing Jiang*

Department of Nutrition Science, Purdue University, West Lafayette, IN

Abstract
Cytokines generated from macrophages contributes to pathogenesis of inflammation-associated
diseases. Here we show that gamma-tocotrienol (γ-TE), a natural vitamin E form, inhibits
lipopolysaccharide (LPS)-induced interleukin-6 (IL-6) production without affecting TNFα, IL-10
or cyclooxygenase-2 (COX-2) up-regulation in murine RAW267.4 macrophages. Mechanistic
studies indicate that nuclear factor (NF)-κB, but not JNK, p38 or ERK MAP kinases, is important
to IL-6 production and γ-TE treatment blocks NF-κB activation. In contrast, COX-2 appears to be
regulated by p38 MAPK in RAW cells, but γ-TE has no effect on LPS-stimulated p38
phosphorylation. Despite necessary for IL-6, NF-κB activation by TNFα or other cytokines is not
sufficient for IL-6 induction with exception of LPS. CCAAT-enhancer binding protein β (C/
EBPβ) appears to be involved in IL-6 formation, because LPS induces C/EBPβ up-regulation,
which parallels IL-6 production, and knockdown of C/EBPβ with siRNA results in diminished
IL-6. LPS but not individual cytokines is capable of stimulating C/EBPβ and IL-6 in
macrophages. Consistent with its dampening effect on IL-6, γ-TE blunts LPS-induced up-
regulation of C/EBPβ without affecting C/EBPδ. γ-TE also decreases LPS-stimulated
granulocyte-colony stimulating factor (G-CSF), a C/EBPβ target gene. Compared with RAW267.4
cells, γ-TE shows similar or stronger inhibitory effects on LPS-triggered activation of NF-κB, C/
EPBβ and C/EBPδ, and more potently suppresses IL-6 and G-CSF in bone marrow-derived
macrophages. Our study demonstrates that γ-TE has anti-inflammatory activities by inhibition of
NF-κB and C/EBPs activation in macrophages.

Keywords
vitamin E; tocopherol; tocotrienol; inflammation; IL-6; C/EBPβ

INTRODUCTION
Macrophages play important roles in promoting inflammation and inflammation-associated
diseases including cancer. During inflammation, in response to endotoxin and cytokines,
macrophages release excessive amount of pro-inflammatory mediators including reactive
oxygen species, eicosanoids and cytokines such as interleukin 6 (IL-6). IL-6 has been
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recognized as a key proinflammatory cytokine that contributes to arthritis, cancer and
obesity-related promotion of carcinogenesis. Targeting IL-6 by anti-IL-6 has been used
clinically to treat anti-TNFα nonresponsive arthritis. Therefore, modulation of IL-6
formation appears to be an attractive strategy for regulating excessive immune response and
attenuating inflammation-associated damage.

Vitamin E is a group of lipophilic antioxidants, which include α-, β-, γ-, δ-tocopherol and
α-, β-, γ-, δ-tocotrienol. All members of vitamin E family contain a chromanol ring linked
with a phytyl side chain, in which tocopherols are saturated and tocotrienols have three
double bonds. In addition to antioxidant activities, specific forms of vitamin E have been
shown to have anti-inflammatory properties. We have demonstrated that γ-tocopherol (γ-T),
δ-tocopherol (δ-T) and γ-tocotrienol (γ-TE) as well as their long-chain metabolites suppress
cyclooxygenase- and 5-lipoxygenase-catalyzed proinflammatory eicosanoids. Consistently,
γ-T supplementation decreases pro-inflammatory eicosanoids and suppresses eosinophilia in
an acute inflammatory and an allergic airway inflammation model.

Besides inhibitory effects on eicosanoids, specific vitamin E forms have been reported to
modulate cytokine formation. For instance, γ-tocotrienol (γ-TE) appears to be stronger than
its tocophoerol counterparts in inhibition of IL-13-stimulated eotaxin-3 in human lung
epithelial cells by up-regulation of PAR-4, which subsequently blocks atypical protein
kinase C-mediated STAT6 activation. It has recently been reported that γ-TE inhibits LPS-
stimulated IL-6 in murine RAW276.4 macrophages. However, the mechanisms underlying
this inhibitory effect have not been identified. In the present study, we investigated the
effects and mechanisms of various forms of vitamin E, including α-tocopherol (α-T), γ-T,
δ-T and γ-TE, on LPS-stimulated cytokine formation in murine RAW267.4 macrophages.
We also extended our study to primary bone marrow derived macrophages (BMDMs) for
verifying the observed activities and mechanisms.

MATERIALS AND METHODS
Materials

α-T (99%), γ-T (97–99%) and δ-T (97%) were purchased from Sigma (St Louis, MO). γ-
TE (>97%) was a gift from BASF (Germany). Bacterial lipopolysaccharide (LPS; B E. coli
055:B5), recombinant mouse TNFα, IL-1α, IL-1β, IFN-γ and M-CSF were from sigma (St
Louis, MO). Primary antibodies against phosphor-IκBα (sc-8404), IκBα (sc-371), C/EBPβ
(sc-7962), C/EBPδ (sc-636) and secondary antibodies as well as C/EBPβ siRNA (sc-29862)
were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). Inhibitors of MEK
(U0126), p38 MAPK (SB202190), and NF-κB (Parthenolide) were from Calbiochem (La
Jolla, CA). JNK inhibitor (SP600125), [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide] (MTT), and all other chemicals were from Sigma (St Louis, MO). Cell
culture media were from American Type Culture Collection (ATCC) (Manassas, VA).

Cell culture
Murine RAW264.7 macrophages from ATCC were routinely maintained in Dulbecco’s
modified eagle medium (DMEM) with 10% fetal bovine serum (FBS). Confluent cells were
seeded and allowed to attach overnight at 7 × 105 or 5 × 106 per well in a 24-well or a 6-well
plate, respectively. Vitamin E stock solutions were initially made in dimethyl sulfoxide
(DMSO) and then diluted in 10mg/mL of fatty acid-free bovine serum albumin (BSA). Cells
were incubated in DMEM-1% FBS containing 0.05% DMSO (control) or vitamin E forms
for 14 -16 h, and stimulated with LPS (0.1μg/ml) or other stimuli. Cell viability was
determined using cellular dehydrogenase/reductase activity by MTT assays
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Preparation of bone marrow derived macrophages (BMDMs)
BMDMs from mice was prepared according to a published protocol. The protocol on animal
use was approved by the Animal Care and Use Committee at Purdue University and was
strictly followed. Briefly, bone marrow was obtained by flushing femur from 7–8 week-old
c57BL/6 black mice from Harlan (Indianapolis, IN). Suspension cells were cultured in
DMEM containing 10% FBS with penicillin (100U/ml), streptomycin (100μg/ml) and M-
CSF (100U/ml). Cells were cultured in 10-cm dish for 5 days, followed by replacing fresh
medium for additional two days. Attached cells were harvested by non-enzymatic
dissociation solution (Sigma, St Louis, MO) and characterized using flow cytometry, or re-
seeded into 24 or 6-well plate for subdequent studies.

Characterization of BMDMs with flow cytometry
Bone marrow derived macrophages were characterized by flow cytometry. Briefly, cells
were blocked with mouse immunoglobulin G (Sigma) before stained with phycoerythrin
(PE)-conjugated anti-mouse F4/80/EMR1 (#FAB5580P) or PE-conjugated isotype control
(#IC006P)(R&D Systems, Minneapolis, MN) for 30 min at room temperature. Cells were
then washed and analyzed by Cell Lab Quanta SC-MPL flow cytometer (Beckman Coulter,
Brea, CA) with excitation at 488 nm.

Analyses of cytokines
Cytokine accumulation in the media was quantitatively measured using immunoassay kits
from R&D Systems (Minneapolis, MN) or eBioscience (San Diego, CA) according to the
manufacturers’ instructions. In some experiments, relative levels of selected cytokines and
chemokines were determined by proteome profiler mouse cytokine array kit (R&D 0system,
Catalog # ARY006, Minneapolis, MN).

Western blot
Cells were lysed in a lysis buffer containing Tris-EDTA, 1% SDS, 1mM DTT, 2mM sodium
vanadate and protease inhibitor cocktails (Sigma). Cytosolic and nuclear proteins were
extracted using a Pierce Kit (Pierce, Rockford, IL). The resulting solution was heated at 95
°C for 10–15 min. Proteins (25–50 μg) were loaded on 10% pre-cast SDS-PAGE gels.
Resolved proteins were transferred onto a PVDF membrane (Millipore, Billerica, MA) and
probed by antibodies. Membranes were exposed to chemiluminescent reagent (Perkin
Elmer, Waltham, WA) and visualized on a Kodak film. In all the experiments,
immunoblotting was first performed with antibodies for proteins of interest. PVDF
membranes were then stripped with antibody-stripping solution from EMD Millipore
Corporation (Billerica, MA,) and re-immunoblotted with antibodies for internal controls
such as β-actin.

Knockdown of C/EBPβ by siRNA transfection
Mouse C/EBPβ siRNA and control siRNA were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). Transfections were performed according to the manufacturer’s
instructions with lipofectamine 2000 (Invitrogen, Carlsbad, CA). Briefly, 75% confluent
RAW cells were transfected with 10μl of lipofectamine and 10μl of 10μM siRNA in 1ml
Opti-MEM® Reduced Serum Medium (CAT#51985-091, Invitrogen) for 6 h. The
transfection mixture was replaced with fresh DMEM containing 10% FBS for 16 h. Cells
were then stimulated with LPS for 8 h. Media and cells were used for cytokine analysis and
western blot, respectively.

Statistical analyses
One-way ANOVA and student T tests were used in statistical analyses.
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RESULTS
γ-TE inhibited LPS-stimulated IL-6 but had no effect on up-regulation of TNFα, IL-10 or
COX-2 in RAW267.4 macrophages

In confluent RAW264.7 macrophages, LPS treatment led to marked increase of
proinflammatory cytokines including IL-6 (4 – 16ng/ml) and TNFα (24 – 33ng/ml) as well
as an anti-inflammatory cytokine IL-10 (1 – 12ng/ml). Vitamin E forms differentially
inhibited LPS-induced IL-6 and γ-TE was much stronger than tocopherols in this activity
(Figure 1A and B). These observations are consistent with a previous study. On the other
hand, γ-TE or tocopherols had no significant effects on LPS-stimulated increase of TNFα or
IL-10 (Figure 1C and D). Consistent with our previous work, tocopherols or γ-TE did not
significantly affect LPS-induced up-regulation of cyclooxygenase-2 (COX-2) (Figure 1E), a
key enzyme catalyzing proinflammatory eicosanoids. In all these studies, γ-TE treatment
had no obvious impact on cell viability based on cell morphological examination and MTT
assays (not shown).

NF-κB is necessary for IL-6 production and γ-TE inhibited NF-κB activation in RAW 276.4
macrophages

To understand the mechanism underlying the observed effects by γ-TE, we examined
potential involvement of several signaling pathways using specific inhibitors. Chemical
inhibition of p38 MAPK, but not NF-κB, ERK, protein kinase C (PKC) or JNK, led to
significant suppression of LPS-induced COX-2 upregulation (Figure 2A). This suggests that
p38 activation plays a key role in COX-2 induction in RAW cells. Interestingly, several
previous studies reported that p38 MAPK is important to COX-2 induction in various types
of cells. Here we found that γ-TE showed no significant effects on LPS-stimulated p38
activation (Figure 2B), which is consistent with its lack of impact on COX-2 induction in
RAW267.4 cells.

Using the similar approaches, we found that blocking LPS-induced NF-κB activation by
parthenolide almost completely abolished IL-6 production, whereas inhibitors of JNK, MEK
and p38 MAPK had moderate or no influence on IL-6 (Figure 3A). These results strongly
suggest that NF-κB is important for LPS-stimulated IL-6. Interestingly, while LPS caused
immediate increase of IκBα phosphorylation, a critical step for NF-κB activation, even
stronger κBα phosphorylation was seen after 60-min LPS stimulation (Figure 3B). We
reason that the second activation may be caused by cytokine-induced re-stimulation
subsequent to the initial Toll-like receptor (TLR)-mediated activation. The importance of the
delayed NF-κB activation in IL-6 induction is evident by the observation that addition of
parthenolide after LPS treatment resulted in similar suppression of IL-6 to that caused by
cells pretreated with parthenolide prior to LPS stimulation (Figure 3C). We found that γ-TE
inhibited LPS-stimulated IκBα phosphorylation at the 60-min rather than initial activation
(Figure 3D). In addition to LPS, γ-TE also potently inhibited TNFα-triggered
phosphorylaion of IκBα (Figure 3E).

Activation of NF-κB alone is not sufficient to IL-6 production; C/EBP-β plays a role in IL-6
formation and γ-TE inhibited LPS-induced C/EBPβ

To investigate whether the delayed NF-κB activation was induced by cytokines, we used
cytokine array combined with ELISA assays to assess cytokine secretion following LPS
stimulation. The results confirmed a rapid surge of TNFα to 1.4 – 1.8ng/mL within 60 min
after LPS stimulation (data not shown). Previous studies reported that individual cytokines
including TNFα, IL-1α, IL-1β, or IFNγ stimulate IL-6 production in different cell lines.
Since γ-TE inhibited TNFα-stimulated NF-κB activation that appears to be essential to IL-6
(Figure 3), we reason that γ-TE may suppress TNFα-induced IL-6. Surprisingly, in
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RAW264.7 macrophages, LPS but not individual cytokines or a combination of TNFα and
IFNγ was capable of stimulating IL-6 (Figure 4A). This observation suggests that despite
necessary for IL-6 generation, activation of NF-κB alone is not sufficient for IL-6 induction,
which is similarly observed in a previous study in murine fibrosarcoma cells.

It has been documented that besides NF-κB, other key transcription factors such as CCAAT/
enhancer-binding proteins, i.e., C/EBPβ and C/EBPδ, are involved in regulating IL-6.
Interestingly, in RAW267.4 macrophages, LPS but not individual cytokines led to enhanced
C/EBPβ and C/EBPδ expression (Figure 4B). Furthermore, the upregulation of C/EBPβ by
LPS paralleled IL-6 production in a time-dependent manner (Figure 4C and 4D).

To further verify the role of C/EBPβ in IL-6 production in macrophages, we used siRNA of
C/EBPβ to knockdown its expression (Figure 5A). This resulted in dampening secretion of
IL-6 (Figure 5B). Importantly, γ-TE attenuated LPS-induced C/EBP β expression in a dose-
dependent manner, whereas it had no significant impact on C/EBPδ (Figure 5C). The
blunting effect of γ-TE on C/EBPβ together with its inhibition of NF-κB likely account for
its suppression of IL-6 production. Furthermore, consistent with its inhibition of C/EBPβ
upregulation, γ-TE dose-dependently diminished granulocyte-colony stimulating factor (G-
CSF) (Figure 5D), which is known to be regulated by C/EBPβ.

γ-TE inhibited LPS-stimulated IL-6 and G-CSF and blocked NF-κB activation and C/EBP-β
upregulation in mouse bone marrow-derived macrophages (BMDMs)

We next investigated whether γ-TE is capable of modulating LPS-stimulated IL-6
production and C/EBPβ up-regulation in primary macrophages. Mouse BMDMs were
prepared to >95% purity, as indicated by F4/80 positive staining using flow cytometry (data
not shown). γ-TE at 10μM did not significantly affect BMDM viability based on
morphological examination and MTT assays (data not shown). On the other hand, γ-TE at
20μM decreased BMDM viability after prolonged incubation (data not shown). We
therefore used γ-TE at 10μM in all subsequent functional studies.

γ-TE treatment markedly suppressed LPS-stimulated IL-6 by up to 80% in the BMDMs,
which was stronger than its inhibitory effect in RAW267.4 macrophages where γTE
inhibited IL-6 by 40% (comp. Figure 6A vs. Figure 1). Similarly, γ-TE led to stronger
reduction of G-CSF in the BMDMs than in RAW cells (Figure 6A). Unlike observations
with RAW267.4 cells where LPS triggered initial (10min) and an even stronger delayed
stimulation of IκBα phosphorylation (Figure 3), LPS led to relatively constant increase of
IκBα phosphorylation in the BMDMs during 90-min period of post stimulation (Figure 6B).
While inhibiting the delayed activation of NF-κB in RAW cells, γ-TE suppressed LPS-
stimulated immediate phosphorylation of IκBα in the BMDMs (Figure 6C).

Like the results with RAW cells, LPS induced marked up-regulation of IL-6, C/EBPβ and
C/EBPδ in the BMDMs (Figure 6D and E). Meanwhile, although TNFα induced
upregulation of C/EBPδ, it caused very modest increase of C/EBPβ and IL-6 in the BMDMs
(Figure 6E). IL-1β failed to increase IL-6, C/EBPβ or C/EBPδ (Figure 6E). Importantly,
consistent with the results in RAW cells, γTE potently inhibited LPS-enhanced C/EBPβ in
the BMDMs (Figure 6F). γ-TE also dampened LPS-stimulated upregulation of C/EBPδ
(Figure 6F), which was not observed in RAW cells.

DISCUSSION
Our study demonstrates that γ-TE inhibits LPS-stimulated C/EBPβ up-regulation and NF-
κB activation, which leads to decreased production of IL-6 and G-CSF in macrophages.
Although γ-TE has previously been reported to inhibit IL-6 in RAW267.4 cells, our study
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provides the molecular mechanism underlying this action. Furthermore, we are the first to
demonstrate that γ-TE dampens production of IL-6 and G-CSF and suppresses activation of
C/EBPβ and NF-κB in primary bone marrow-derived macrophages, and these inhibitory
effects are even stronger than those observed in RAW macrophages. These results support
the notion that γ-TE has anti-inflammatory activities, which are in line with a recently
published study where tocotrienol-rich supplementation results in lowered IL-6 in LPS-
stimulated peripheral blood leukocytes of healthy volunteers.

C/EBPβ, which is also called NF-IL6, is a member of the C/EBP family of leucine zipper
transcription factors. C/EBPβ has been demonstrated to play an important role in terminal
acquisition of macrophage phenotype and in regulation of several macrophage-specific gene
expressions during acute inflammatory responses. Mice with complete knockout of C/EBPβ
(−/−) are susceptible to infection by microorganisms and display impaired tumoricidal
activities. C/EBPβ has recently been demonstrated to be a critical regulator of the
immunosuppressive environment created by growing cancer cells and therefore contributes
to tumor metastasis. These studies suggest that modulation of C/EBPβ may have significant
effects on immune function and targeting C/EBPβ may be a useful therapy that prevents
tumor cells from invading distance tissues, a clinically significant area.

It is well recognized that C/EBPβ plays a role in induction of various cytokines including
IL-6, IL-8 and G-CSF. Consistently, we observe that IL-6 secretion parallels C/EBPβ
upregulation and IL-6 was partially suppressed by down-regulation of C/EBPβ via siRNA in
the RAW cells. The importance of C/EBPβ to IL-6 in the RAW cells and BMDMs is also
evident by their correlative increase in response to LPS but not individual cytokines. In
contrast, C/EBPδ likely plays a minor role in IL-6 regulation as TNFα-induced up-
regulation of C/EBPδ does not correlate with marked induction of IL-6 in the BMDMs
(Figure 6). Paradoxically, despite well-accepted involvement in IL-6 production, cells
complete lack of C/EBPβ (C/EBPβ −/−) show no significant reduction of various cytokines
including IL-6 with exception of G-CSF in macrophages. This may be explained by the
possibility that other C/EBP family member(s) such as C/EBPδ compensate for C/EBPβ in
certain cytokine regulation in macrophages. To this end, double knockout of C/EBPβ and C/
EBPδ but not either alone leads to profound decrease of IL-6. IL-6 production is also
partially reduced by C/EBP decoy that inhibits binding of C/EBPs to its cognate DNA
sequences. Here we have found that γ-TE treatment partially suppresses LPS-stimulated C/
EBPβ up-regulation without affecting C/EBPδ in the RAW cells. On the other hand, γ-TE
suppressed both C/EBPβ and C/EBPδ in the BMDMs, where it diminished IL-6 and G-CSF
more potently than did in RAW cells.

Besides C/EBPs, γ-TE also blocks NF-κB activation in both RAW cells and BMDMs.
Although required for IL-6 expression, NF-κB activation alone appears to be insufficient to
IL-6 induction, as activation of NF-κB by cytokines fails to significantly increase IL-6 in
macrophages. It is known that IL-6 promoter has single binding sites for C/EBPβ and NF-
κB. These two transcription factors have been suggested to synergistically activate IL-6
promoter. Therefore, it is very likely that the dampening effect of γ-TE on IL-6 is a result of
dual inhibition of NF-κB and C/EBPβ in macrophages. The inhibitory activities of NF-κB
by γ-TE in macrophages are in agreement with a previous study in various cancer cell lines.
In particular, Ahn et al. have demonstrated that γ-TE inhibits TNFα-stimulated IκBα
phosphorylation by suppressing IκBα kinase (IKK) activity in leukemia KBM-5 cells. γ-TE
has also been shown to sensitize pancreatic cancer cells to gemcitabine-induced anticancer
effects via suppressing NF-κB. Nevertheless, the molecular mechanisms underlying the
inhibition of NF-κB by γ-TE remain to be determined. In contrast to the suppression of C/
EBPβ and NF-κB, γ-TE had no effect on p38 activation, which appears to regulate COX-2
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expression in RAW cells. Therefore, these data explain the lack of impact of γ-TE on LPS-
stimulated COX-2 induction in the present and previous studies.

Our current findings provide additional evidence that γ-TE have anti-inflammatory
properties by modulating C/EBPβ and NF-κB as well as their regulated pro-inflammatory
cytokines. The concentrations of γ-TE used in the current study are pharmacologically
achievable. Since IL-6 and G-CSF are known to contribute to pathogenesis of arthritis and
inflammation-promoted carcinogenesis, inhibition of these proinflammatory mediators may
contribute to potential prevention and therapy of γ-TE against chronic diseases. Consistent
with these mechanistic studies, γ-TE supplementation has recently been shown to inhibit
IL-6 in animals and human subjects. Future studies are necessary to further examine in vivo
anti-inflammatory effects of specific vitamin E forms as well as their metabolites in different
preclinical models related to inflammatory diseases and cancer. The molecular mechanisms
underlying inhibition of C/EBPβ and NF-κB should also be investigated.
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ABBREVIATIONS

α-T, β-T, γ-T, or δ-T α, β, γ, or δ-tocopherol

γ-TE γ-tocotrienol

C/EBPβ(δ) CCAAT/enhancer-binding protein beta (delta)

NF-κB nuclear factor κ B

IκBα NF-κB inhibitor α

MAPK mitogen-activated protein kinase

ERK extracellular-signal-regulated kinase

JNK c-Jun NH(2)-terminal protein Kinases

G-CSF granulocyte-colony stimulating factor
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Figure 1. γ-TE inhibited LPS-stimulated IL-6 but had no effect on TNFα, IL-10 or COX-2 in
RAW267.4 macrophages
After preincubated with tocopherols (Panel A) and γ-TE (Panel B, C, D and E) for 14–16 h,
RAW 264.7 cells were stimulated by LPS (0.1μg/ml) for 16–18 h. Media were collected to
measure IL-6, TNFα and IL-10 and cells were collected to analyze COX-2 expression using
immunoblot. αT50, γT10, γT25, γT50, δT10, δT25, δT50, γTE5, γTE10 and γTE20 stand
for the corresponding vitamin E at the indicated concentrations (μM), respectively. Relative
cytokines are the ratio of cytokine secreted by cells treated with tested compounds to that of
solvent controls in the presence of LPS. Ctrl is non-LPS control. Data are shown as mean
±S.D. *p<0.05 indicates significant difference between vitamin E-treated and solvent
control cells (n >2 per bar).
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Figure 2. COX-2 expression was inhibited by p38 inhibitor and -TE did not affect LPS-induced
p38 activation
Panel A: RAW cells were pre-treated with inhibitors of PKC (G=Go6983, 2 or 10μM), NF-
κB (P=Parthenolide, 5 or 10μM), MEK (U=U0126, 10μM) and p38 MAPK
(SB=SB202190, 5 or 10μM) for 30 min and then stimulated with 0.1μg/ml LPS for 16 h.
Total proteins were analyzed by immunoblot with antibodies for COX-2 or β-actin. Panel
B: RAW cells were stimulated with 0.1μg/ml LPS for 10 min after pre-treated with γ-TE
(20 or 40μM) for 16 h. Cytosolic proteins were probed by immunoblot.
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Figure 3. NF-κB is necessary for IL-6 expression and γ-TE inhibited NF-κB activation in RAW
276.4 macrophages
Panel A: RAW 264.7 cells were preincubated with inhibitors for MEK (U=U0126, 20μM),
NF-κB (P=Parthenolide, 5 or 10μM), p38 (SB=SB202190, 10μM) and JNK (SP=SP600125,
10μM) for 30 min and stimulated by LPS for 16 h. Relative IL-6 data are the ratio of IL-6
secreted by cells treated with inhibitors to that of solvent controls in the presence of LPS and
ctrl is no-LPS control. Panel B: RAW cells were stimulated with 0.1μg/ml LPS for
indicated times. Panel C: Bars 1–2 are the relative IL-6 production in ctrl (no LPS) and LPS
(16 h)-stimulated cells, respectively. Bar 3 refers to cells pretreated with parthenolide
(10μM) for 30 min before LPS treatment. Bars 4–6 are the relative IL-6 secretion when cells
were added with parthenolide at 0.5, 1 or 2 h after LPS stimulation. Panel D: RAW cells
were pretreated with γ-TE at indicated concentrations (μM) for 14–16 h and then stimulated
with 0.1μg/ml LPS for 10 or 60 min. Panel E: Cells were pretreated with γ-TE at 40μM for
14–16 h and then stimulated with TNFα (10ng/ml) for 5min. Data are shown as mean±S.D.
*P<0.05 and **P<0.01 are the difference between cells treated with inhibitors and those
treated with LPS alone (n >2 per bar). Cytosolic proteins were probed for I Ba
phosphorylation by Western blot.
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Figure 4. LPS but not individual cytokines was capable of inducing IL-6 and LPS-induced C/
EBPβ upregulation paralleled IL-6 in a time-dependent manner
Panels A and B: RAW cells were stimulated with LPS (0.1μg/ml) or TNFα (10ng/ml),
IL-1α (10ng/ml), IL-1β (10ng/ml), or INFγ (100ng/ml) for 16 h. Ctrl is no-stimulus control.
Media was collected for IL-6 and cells were collected for Western blotting. **P<0.01 is the
difference between LPS- and individual cytokine-treated cells. Panels C and D: RAW cells
were stimulated with LPS for indicated times (h) and IL-6 (ng/ml) in the media was
measured by ELISA. Total proteins from the cells were immunoblotted for C/EBPβ, C/
EBPδ or actin. The relative IL-6 is the ratio of IL-6 secreted by cells treated with different
stimuli to that of LPS-treated cells. Data are shown as mean±SD (n >2 per bar).
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Figure 5. Knockdown of C/EBP-β diminished IL-6 and γ-TE inhibited LPS-induced C/EBPβ
and G-CSF
Panels A and B: RAW cells were transfected with C/EBPβ siRNA and then stimulated with
LPS for 8 h. Whole protein was probed for C/EBPβ by Western blot. The relative IL-6 was
the ratio of IL-6 secreted by cells transfected with C/EBPβ siRNA to those with control
siRNA (ctrl-siRNA) in the presence of LPS. Ctrl is no-LPS control. Panel C: RAW cells
were pretreated with γ-TE at indicated concentrations (μM) for 14 h and then stimulated
with LPS for 16 h. Total proteins were immunoblotted with anti-C/EBPβ, C/EBPδ or β-
actin. Panel D: G-CSF was measured in the media which were used to detect IL-6 in Figure
1. Data are shown as mean±S.D. *P<0.05 and **P < 0.01 were the difference between
treated and control cells. n >2 per bar.
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Figure 6. γ-TE inhibited LPS-stimulated activation of NF-κB and C/EBPβ and diminished IL-6
and G-CSF in bone marrow-derived macrophages (BMDMs)
Panel A: BMDMs were pretreated with γ-TE at 5 and 10μM for 8 h and then stimulated
with 0.1μg/ml LPS for 16 h. Results of IL-6 and GCF are the ratio of cytokines secreted by
cells treated with γ-TE to that of solvent controls in the presence of LPS. Ctrl is no-LPS
control. * P<0.01 are the difference between γ-TE treated and solvent control cells. Data are
shown as mean±SD (n >2 per bar). Panels B-C: BMDMs were stimulated with LPS for
indicated times (B). BMDMs were pretreated with γ-TE at 10μM for 8 h and then
stimulated with LPS for 10 min (C). Panels D-E: BMDMs were stimulated with LPS,
TNFα or IL-1β for 16 h at dosages indicated in Fig 4. Data analyses were described under
Fig 4. Panel F: BMDMs were pretreated with γ-TE at 10μM for 8 h and then stimulated
with LPS for 16 h.
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